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(54) Nitride semiconductor laser and method of fabricating the same 



(57) A method for fabricating a nitride-semiconduc- 
tor laser constituted by superimposing a plurality of 
crystal layers respectively made of a group III nitride 
semiconductor (AlxGa^J^Y^nyN (0^xS1, 0^1) on a 
cleavable or parting substrate in order comprises the 
crystal layer forming step of forming a plurality of crystal 
layers on a cleavable or parting substrate, the step of 
applying a light beam from the substrate side toward the 



interface between the substrate and the crystal layers 
and thereby forming the decomposed-matter area of the 
nitride semiconductor, and the step of cleaving or part- 
ing the substrate along a straight line intersecting with 
the decomposed-matter area and thereby forming a 
cleavage plane. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a group III 
nitride semiconductor device (hereafter also referred to 
as a device simply) and, particularly to a fabrication 
method of a semiconductor laser device using the same 10 
material system. 

2. Description of the Related Art 

[0002] A semiconductor laser device has a resona- 
tor consisting of a pair of flat parallel plants or reflectors 
between which a multilayer semiconductor laser struc- 
ture is formed. To operate the laser device, a pair of the 
mirror facets defining an optical cavity is necessary. For 
example, in case of a GaAs semiconductor laser device, 
since an epitaxiaily grown GaAs crystal used for the 
device and a GaAs wafer for the substrate thereof have 
a cleavage nature, this nature is utilized for the fabrica- 
tion of the device. The resonator is formed in such a 
manner that straight lines of grooves are carved to the 
GaAs wafer at a predetermined interval of cavity length 
and thus, the wafer is cleaved along the grooves into 
bars by application of stress. Therefore, the cleavage of 
wafer facilitates to form automatically flat mirror planes 
parallel to each other in a process for forming the laser 
structure. 

[0003] Thus, in the fabrication of a semiconductor 
laser device of Fabry-Perot type using a conventional 
semiconductor crystal such as GaAs, the mirror facets 
of the device have been formed by using the same 
cleavage properties of GaAs crystal substrate and 
GaAs multilayers. 

[0004] On the other hand, in the case of group III 
nitride semiconductor device, it is inevitable to perform 
the epitaxial-growth of nitride crystal film on a substrate 
made of sapphire or SiC, because a nitride bulk crystal 
to be used in practice has not been manufactured yet. 
[0005] SiC is not frequently used as a substrate for 
the nitride device, because the SiC substrate is expen- 
sive and a nitride film deposited on the SiC substrate 
easily cracks due to the difference in the thermal expan- 
sion coefficient therebetween, thus sapphire is com- 
monly used as a substrate. In the case of epitaxial 
growth of nitride on a sapphire substrate, a high quality 
single-crystal film is obtained on a C-face i.e., (0001) 
plane of sapphire, or an A-face, i.e., (1 120) plane (here- 
after referred to as (11 -20) plane) of sapphire. 
[0006] The mirror facets may be formed by an etch- 
ing process such as reactive ion etching (RIE) instead 
of the method using the cleavage, because it is hard to 
crack the sapphire substrate in comparison with the 
GaAs substrate having been used so far for semicon- 
ductor laser devices. 



[0007] Reactive ion etching is mainly used as a 
method for obtaining the mirror facets of the nitride sem- 
iconductor laser on the sapphire substrate at present. 
[0008] However, the resultant device with the mirror 
facet formed by the reactive ion etching has a disadvan- 
tage that the far-field pattern of its emitted light exhibits 
multiple spots. This multiple-spot phenomenon of the 
laser device is caused by the fact that the sapphire sub- 
strate cannot be effectively etched even by dry etching 
such as the reactive ion etching. 
[0009] Fig. 1 shows a cross section of a laser 
device 1 fabricated on a sapphire substrate 3 with a mir- 
ror facet 2 formed by an etching process. A remaining 
portion of the sapphire substrate 3 without being etched 
as shown by (A) in Fig. 1 reflects a part of emitted light 
beam, an then the reflected light interferes with the main 
light beam, so that a far field changes to multiple spots. 
Since the alteration of the far-field pattern into multiple 
spots is fatal as a light source for reading an optical disk, 
making the device impractical. 
[001 0] A GaN laser have been initially fabricated by 
using an etched mirror obtained by the reactive ion 
etching. The mass-production-type GaN laser with the 
cleaved mirror is studied in view of the change of a far 
field pattern to multiple spots. It is a matter of course 
that a cleavage cannot be preferably formed on sap- 
phire in mass production. Therefore, the following 
method have been used. First, after forming a GaN film 
with a thickness of approximately 2 ^m on a sapphire 
substrate by metalorganic chemical vapor deposition 
(MOCVD), the substrate with the film is temporarily 
taken out of a reactor. A Si0 2 film is formed on the GaN 
film and stripe-like windows are opened on the film. 
After putting the film in the MOCVD system again, a 
GaN film is grown up to a thickness of approximately 10 
jim to obtain a flat film. After that, the obtained wafer is 
subject to the hydride vapor phase epitaxial processes 
(HVPE) to form a GaN film on the wafer up to a thick- 
ness of approximately 200 |im. Next, the backside of the 
sapphire substrate of the obtained wafer is lapped to 
remove almost of the sapphire portion, and then the 
GaN substrate having a thickness of approximately 80 
nm is obtained. The resultant substrate is set in the 
MOCVD system to perform epitaxial growth of a laser 
structure. Because the obtained wafer is very similar to 
a wafer of a conventional GaAs-based laser, it is possi- 
ble to apply various treatments and thereafter cleaving 
. the crystal substrate. In this way, a laser device is fabri- 
cated. 

[0011] However, the conventional method as 
described above requires many steps, and is compli- 
cated. As a result, the method invites a very low yield of 
the group III nitride semiconductor devices. Such a 
method is not suitable for mass production. 

OBJECT AND SUMMARY OF THE INVENTION 

[001 2] Therefore, an object of the present invention 
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is to provide a group III nitride-semiconductor laser fab- 
rication method from which high-quality mirror facets for 
a laser structure can be obtained with high reproducibil- 
ity. 

[001 3] A nitride semiconductor laser device accord- 
ing to the present invention having successively grown 
crystal layers each made of a group III nitride semicon- 
ductor (AlxGa^JvylnyN (0^ x^1, 0^y*1) comprises: 

a cleavable or parting substrate; 
a crystal layer made of the group III nitride semicon- 
ductor over the substrate; 
a mirror facet for optical resonance consisting of a 
cleavage plant of the group III nitride semiconduc- 
tor; and 

a decomposed-matter area of the nitride semicon- 
ductor interposed at an interface between the sub- 
strate and the crystal layer and disposed at an 
intersecting portion with the cleavage plane. 

[001 4] In an embodiment of the nitride semiconduc- 
tor laser device according to the invention, the decom- 
posed-matter area of the nitride semiconductor is 
formed by a light beam applied to the interface from the 
substrate side. 

[0015] In another embodiment of the nitride semi- 
conductor laser device according to the invention, the 
device further comprises a waveguide extending along 
a direction normal to the cleavage, plane of the nitride 
semiconductor. 

[0016] In a further embodiment of the nitride semi- 
conductor laser device according to the invention, the 
waveguide has a ridge shape. 
[0017] In a still further embodiment of the nitride 
semiconductor laser device according to the invention, 
the substrate is made of sapphire. 
[0018] A fabrication method according to the 
present invention is a method for producing a nitride 
semiconductor laser device having crystal layers each 
made of a group III nitride semiconductor (A^Ga^. 
vlriyN (0^x^1, 0^1) and layered on a cleavable or 
parting substrate in order, the method comprising the 
steps of: 

forming a plurality of crystal layers each made of a 
group III nitride semiconductor (AlxGa^xh.vlnyN 
(0^x«1, 0^1) on a cleavable or parting sub- 
strate; 

applying a light beam from the substrate side 
toward the interface between the substrate and the 
crystal layer thereby forming the decomposed-mat- 
ter area of a nitride semiconductor; and 
cleaving the substrate along a straight line inter- 
secting the decomposed-matter area, thereby form- 
ing a cleavage plane of the crystal layer. 

[0019] In an embodiment of the fabrication method 
according to the invention, the wavelength of the light 



beam is selected from wavelengths passing through the 
substrate and absorbed by rrte crystal layer in the vicin- 
ity of the interface. 

[0020] In another embodiment of the fabrication 
5 method according to the invention, the method further 
comprises a step of forming a waveguide extending 
along a direction normal to the cleavage plane of the 
nitride semiconductor. 

[0021] In a further embodiment of the fabrication 
10 method according to the invention, the crystal layers of 
the nitride semiconductor are formed by metal-organic 
chemical vapor deposition. 

[0022] In a still further embodiment of the fabrica- 
tion method according to the invention, the method fur- 

15 ther comprising a step of applying a light beam focused 
on an outer surface of the substrate to form a groove 
serving as a starting point of the aforementioned 
straight line in the step of forming the mirror facet for 
optical resonance. 

20 [0023] According to the present invention, it is pos- 
sible to obtain high-quality mirror facets with a high 
reproducibility by locally untying the crystal bond 
between the sapphire substrate and GaN crystal nearby 
the mirror facets of a laser device and thereby, cutting 

25 the GaN crystal nearby the laser facet cleave along its 
normal cleavage plane. 

BRIEF DESCRIPTION OF THE PRAWINQS 
30 [0024] 

Fig. 1 is a schematic sectional view of a group III 
nitride-semiconductor laser device; 
Fig. 2 is a schematic perspective view showing the 
35 lattice plane of a GaN crystal layer formed on a sap- 
phire substrate; 

Fig. 3 is a schematic perspective view showing the 
fracture plane of a GaN crystal layer formed on a 
sapphire substrate; 

40 Fig. 4 is a schematic elevation view showing a GaN 
semiconductor laser device of an embodiment of 
the present invention, which is seen from the mirror 
facet for optical resonance; 
Figs. 5 to 7 are schematic sectional views each 

45 showing a portion of a wafer of the semiconductor 
laser device at each fabricating step of an embodi- 
ment of the present invention; 
Fig. 8 is a schematic top view of a laser wafer in the 
semiconductor-laser fabricating step of another 

so embodiment of the present invention; 

Figs. 9 and 10 are schematic sectional views each 
showing a laser wafer in the semiconductor-laser 
fabricating step of an embodiment of the present 
invention; 

55 Figs. 11 and 12 are schematic top views each 
showing a laser substrate in the semiconductor- 
laser fabricating step of another embodiment of the 
present invention; 
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Fig. 13 a schematic perspective view showing the 
fracture plane of a GaN crystal layer formed on an 
A-face sapphire substrate; and 
Fig. 1 4 is a schematic perspective view showing the 
fracture plane of a GaN crystal layer formed on a C- s 
face sapphire substrate. 

DETAILED DES CRIPTION OF THE PREFERRED 
EMBODIMENTS 

w 

[0025] Embodiments of group III nitride semicon- 
ductor laser devices according to the present invention 
are described below by referring to the accompanying 
drawings. 

[0026] Although sapphire does not have a clear is 
cleavage plane like a Si or GaAs wafer, a C-face sap- 
phire easily crack along its (1T00). plane (hereafter 
referred to as (1-100) plane), and also an A-face sap- 
phire can be parted along its (1T02) plane (hereafter 
referred to as (1-102) plane), so called R-plane, constd- 20 
erably close to the cleavage of ordinary crystal. The fol- 
lowing methods are used to form the cavity mirrors of 
nitride semiconductor lasers on a sapphire substrate: 
First, a method of growing nitride semiconductor layers 
on a C-face sapphire substrate and then cracking along 25 
(1-100) plane of the sapphire substrate . Second, a 
method of growing nitride semiconductor layers on an 
A-face sapphire substrate and then cracking along (1- 
s 102) plane of the sapphire substrate. 
[0027] As for the first method of mirror facet forma- 30 
tion applied to the device grown on a C-face sapphire 
substrate, there are problems that a sapphire substrate 
cannot be cracked unless the substrate is made thin 
enough by lapping down the backside of the substrate 
or that it does not cleave with a high reproducibility. 35 
These problems are caused by the fact that (1-100) 
plane of sapphire is not a cleavage plane. Since sap- 
phire is very hard crystal, it cannot be cracked along a 
marking line unless it is made thin enough, and it is nec- 
essary to reduce the thickness of a sapphire substrate 40 
down to approximately 100 in order to obtain a 
cleavage plane practical for a laser device. When lap- 
ping the backside of a wafer on which a device structure 
is already formed, the wafer is warped or distorted due 
to the difference between thermal expansion coeffi- 45 
cients of sapphire and nitrides or due to the residual 
stress caused by lapping process. Thereby, when the 
back of a device wafer is lapped, the wafer is apt to frac- 
ture in the process. This is very disadvantageous for 
mass production. so 
[0028] Moreover, the crystallographic orientation of 
nitride grown on the C-face of sapphire tilts by an angle 
of 30° from the sapphire substrate orientation (the 
nitride is hereafter referred to as GaN because a typical 
binary compound is GaN). When parting the sapphire ss 
substrate on (1-100) plane thereof, GaN crystal on the 
sapphire substrate is to crack on (1 1 -20) plane. The 
cleavage plane of GaN crystal is (1-100) plane. How- 



ever, it is also possible to tentatively cleave the GaN 
crystal on (1 1-20) plane due to the GaN crystal's sym- 
metry. When the crystal accurately cracks along (1 1 -20) 
plane, a very preferable fracture plane can be obtained. 
[0029] On the other hand, because (1 -1 00) plane of 
sapphire is not a cleavage plane, it is possible to crack 
the sapphire even if a scribing line is drawn at a slightly 
deviated angle. Because GaN is cracked in a direction 
slightly deviated from (11-20) plane, the fracture facet 
consists of many (1 -100) planes of GaN, each of which 
is the cleavage plane, forming a stepwise appearance. 
The stepwise facet causes degradation of the reflectivity 
of mirrors and perturbation of the wave front of emitted 
light. Thereby, the quality of a mirror facet for optical res- 
onance of a laser device is deteriorated. 
[0030] Whereas, the second method of mirror facet 
forming method applied to the device formed on the A- 
face sapphire substrate has a problem that the quality of 
the fracture plane of GaN is not sufficient. 
[0031 ] Because the sapphire substrate can be eas- 
ily cracked along its cleavage plane (1-102), so called 
R-plane, it is possible to cleave the sapphire having a 
thickness of 250 to 350 urn normally used as a sub- 
strate. However, (1-100) plane of GaN grown on the A- 
face of sapphire and the R-plane of the sapphire are 
deviated from each other by an angle of 2.4°. Fig. 2 
depicts that situation. In Rg. 2, the angle 2.4° is exag- 
geratedly shown and the same is true for the subse- 
quent drawings. Therefore, the striations shown in Fig. 3 
appear on the fracture plane of GaN. This is because 
(1-100) plane of GaN appears in a stepwise manner 
similar to the case on a C-face sapphire. It seems that 
the crystal bond between a sapphire substrate and GaN 
crystal is stable. Sapphire is stably parted with the R- 
plane, the fracture plane of GaN shown in Fig. 3 is 
reproduciblly obtained. Therefore, in the case of the A- 
face sapphire substrate, the quality of fracture plane is 
not very good though it is reproducible. 
[0032] In view of the experiment mentioned above, 
the present inventors have completed that present 
invention based on the result of studies of various 
method of producing a semiconductor laser device 
comprising group III nitride layers layered on the sap- 
phire substrate to acquire a resonator of a high quality 
thereof. It should be noted that the embodiment 
described below simply illustrates the invention, and the 
invention is not limited thereto. 
[0033] Fig. 4 shows the group III nitride semicon- 
ductor laser of an embodiment. The semiconductor 
laser device is constituted of a GaN (or AIN) layer 102 
formed at a low temperature, n-type GaN layer 103, n- 
type Alo.1Gao.9N layer 1 04, n-type GaN layer 105, active 
layer 106 mainly containing InGaN, p-type Al 0 2Gao. 8 N 
layer 107, p-type GaN layer 108, p-type Alo.1Gao.9N 
layer 109, and p-type GaN layer 1 10 which are stacked 
on the single-crystal sapphire substrate 101 in order. An 
n-side electrode 1 1 4 and p-side electrodes 1 1 3 and 1 1 5 
are connected to the n-type GaN layer 103 and p-type 



4 



12/20/2007, EAST Version: 2.1.0.14 



7 



EP 1014 520 A1 



8 



GaN layer 110. A ridge stripe portion 118 is formed on 
the p-type AI 0 .iGa 0 .9N layer 109. The device is covered 
with and protected by an insulating film 111 made of 
Si0 2 except electrodes. 

[0034] The group III nitride semiconductor laser of 
the embodiment has a decomposed-matter area 150 of 
a nitride semiconductor disposed at the interface 
between the sapphire substrate 101 and its crystal layer 

103 and having a cleavage plane for resonance i.e.,(1- 
100) plane intersecting the superimposed crystal layers 
102 to 110. The decomposed-matter area 150 of the 
nitride semiconductor is formed by a light beam applied 
to the interface from the substrate side. In the decom- 
posed-matter area 150 of nitride semiconductor formed 
by laser-beam irradiation, the crystal bond between a 
sapphire substrate and GaN crystal is locally broken. 
Therefore, a layered portion of GaN nearby a reflector 
over the decomposed-matter area 150 ideally cracks 
along the crystal I ographic cleavage plane of GaN with- 
out influence of the fracture of sapphire substrate in the 
mirror facet forming step. The wavelength of applied 
laser beam is selected from wavelengths absorbed by a 
GaN crystal layer and passing through the sapphire 
substrate. Absorbed light in the GaN crystal layer near 
the interface is almost converted into heat where many 
crystal defects are present. TTie temperature of the 
laser-beam applied area of a crystal layer nearby the 
sapphire substrate rapidly rises and GaN is decom- 
posed into gallium and nitrogen. 

[0035] This semiconductor laser device emits light 
by recombining electrons with holes in the active layer 
106. The n-type GaN layer 105 and p-type GaN layer 
108 serve as guide layers. Light generated in the active 
layer 106 is guided in the guide layers 105 and 108. 
Electrons and holes are effectively confined in the active 
layer 106 by setting band gaps of the guide layers 105 
and 108 to values larger than that of the active layer 
106. The p-type Al 0 2 Gao 9 N layer 107 serves as a bar- 
rier layer for further enhancing the confinement of carri- 
ers (particularly, electrons), the n-type Aio.1Gao.9N layer 

104 and the p-type Alo.1Gao.9N layer 1 09 serve as clad- 
ding layers respectively each formed to have refractive 
indexes lower than those of the guide layers 105 and 
108. The wave guidance in the film-thickness direction 
is performed due to the difference between refractive 
indexes of the cladding layer and the guide layer. The 
ridge stripe portion 1 18 is formed in order to produce a 
lateral-directional step in an effective refractive index by 
changing the thickness of the cladding layer 109, 
thereby confining generated light in the lateral direction. 
[0036] The n-type GaN layer 103 is a ground layer 
formed as a current path because sapphire serving as a 
substrate does not have any electric conductivity at all. 
Moreover, the GaN (or A1N) layer 102 formed as a low 
temperature growth layer is a so-called buffer layer that 
is formed to give a smoothing film on the sapphire sub- 
strate that is a different material for GaN. 

[0037] The device structure shown in Fig. 4 is fabri- 



cated in the following fabricating steps in which layered 
structure for a laser device is formed on an A-face sap- 
phire substrate whose both sides are mirror-finished 
through the metal-organic chemical vapor deposition 

5 (MOCVD). 

[0038] First, the sapphire substrate 101 is set into 
an MOCVD reactor and held for 10 minutes in a hydro- 
gen-gas flow at a pressure of 300 Torr and a tempera- 
ture of 1050 °C to thermally clean the surface of the 

10 sapphire substrate 101. Thereafter, the temperature of 
the sapphire substrate 101 is lowered to 600 °C, and 
ammonia (NH 3 ) which is a nitrogen material and TMA 
(trimethyl aluminium) which is an Al material are intro- 
duced into the reactor to deposit a buffer layer 102 

15 made of AIN up to a thickness of 20 nm. 

[0039] Then, supply of TMA is stopped, the temper- 
ature of the sapphire substrate 101 on which the buffer 
layer 102 is formed is raised to 1050 °C again while 
flowing only NH 3 , and trimethyl gallium is introduced to 

20 form the n-type GaN ground layer 103 on the buffer 
layer 102. In this case, Me-SiH 3 (methyl silane) is added 
into a growth atmosphere gas as the precursor of Si 
serving as an n-type impurity. 
[0040] When the n-type GaN ground layer 103 is 

25 grown up to approximately 4 ^m, TMA is introduced to 
form the n-type AIGaN cladding layer 104. When the n- 
type AIGaN cladding layer 104 is grown up to approxi- 
mately 0.5 urn, supply of TMA is stopped to grow the n- 
type GaN guide layer 105 up to 0.1 *im. When growth of 

30 the n-type GaN guide layer 1 05 is completed, supply of 
TMG and Me-SiH 3 is stopped, and lowering of tempera- 
ture is started to set the substrate temperature to 750 
°C. When the substrate temperature reaches at 750 °C, 
carrier gas is changed from hydrogen to nitrogen. When 

35 the gas-flow state is stabilized, TMG, TMI, and Me-SiH 3 
are introduced to grow the active layer 106. When the 
active layer is formed, supply of TMG, TMI, and MeSiH 3 
is stopped, and the carrier gas is changed from nitrogen 
to hydrogen. When the gas-flow state is stabilized, the 

40 substrate temperature is raised to 1050 °C again and 
TMG, TMA, and Et-CP 2 Mg (ethyl cyclopentadienyl 
magnesium) as the precursor of Mg serving as a p-type 
impurity are introduced to form the p-type AIGaN layer 

107 on the active layer 106 up to 0.01 nm. Then, supply 
45 of TMA is stopped to grow the p-type GaN guide layer 

108 up to 0.1 ^m and TMA is introduced again to grow 
the p-type AIGaN cladding layer 109 up to 0.5 jim. 
Moreover, the p-type GaN contact layer 1 10 is grown on 
the layer 109 up to 0.1 *im. Thereafter, supply of TMG 

50 and Et-CP 2 Mg is stopped and temperature lowering is 
started. When the substrate temperature reaches 400 
°C, supply of NH 3 is also stopped. When the substrate 
temperature reaches room temperature, the sapphire 
substrate 101 is taken out of the reactor. 

55 [0041] The obtained wafer is set into a heat treat- 
ment furnace to apply heat treatment for the p-type con- 
version. 

[0042] A nickel (Ni) layer 115 with a thickness of 
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200 nm is formed on the surface changed to p-type as a 
p-side electrode by using the vacuum evaporation. 
[0043] For the obtained wafer, a terrace for the p- 
side electrode, a recess for the n-side electrode, a cur- 
rent path structure for the n-side electrode are formed 5 
and a ridge-structure is formed on the terrace for the p- 
side electrode and a refractive-index waveguide struc- 
ture for current confinement. 
[0044] To form a current path for the n-side elec- 
trode, the Ni film is partly removed by wet etching, and 
the exposed area of the nitride semiconductor layer is 
partially etched by reactive ion etching (RIE) using Cl 2 
(chlorine) gas by utilizing the remaining Ni film 1 15 as a 
mask as shown in Fig 5. In this case, as shown in Fig. 6, 
etching is performed down to a depth where the n-type 
cladding layer 104 is slightly left to form a recessed por- 
tion 201. 

[0045] Then, as shown in Fig. 7, the Ni film is 
removed by wet etching while leaving a width of 5 nm to 
form the stripe 1 15 of the 5 um-wide Ni film. 
[0046] In this case, as shown in Fig. 8, the longitu- 
dinal direction of the Ni stripe 1 1 5 is tilted up to an angle 
of 2.4° from the direction normal to the R-plane of sap- 
phire. Also, the recessed portion 201 for forming an n- 
side electrode is formed with an angle of 2.4° in accord- 
ance with the tilt of the direction of the stripe 115. That 
is, a waveguide is formed to extend along the normal 
direction to the (1-100) plane which is the expected 
cleavage plane of nitride semiconductor. 
[0047] Then, portions other than the portion imme- 
diately below the 5 jam-wide stripe portion, i.e., the con- 
tact layer 110 and p-type AIGaN cladding layer 9 are 
removed by reactive ion etching (RIE) using the Ni 
stripe 1 15 as a mask and leaving approximately 0.1 urn 
of the cladding layer 9 to form the narrow ridge structure 
118 as shown in Fig. 9. In this case, the remaining n- 
type cladding layer 104 is simultaneously removed and 
the n-type GaN ground layer 103 is exposed. 
[0048] An Si0 2 protective film is deposited on the 
wafer by sputtering. Thereafter, a 3 um-wide window on 
the p-type ridge and a window portion for an n-type 
electrode are formed in the Si0 2 protective film by nor- 
mal photolithography. Ti (titanium) is evaporated with a 
thickness of 50 nm and then, AI is evaporated with a 
thickness of 200 nm onto the portion where the n-type 
GaN layer 103 is exposed to form the n-side electrode 
1 1 4. Then, 50 nm-thick Ni film is evaporated and Au is 
evaporated with a thickness of 200 nm onto the portion 
where a p-type GaN layer is exposed to form the p-side 
electrode 113. Thus, the individual device on the wafer 
has the structure shown in Fig. 10. 
[0049] After completing the device structure form- 
ing step, the step of forming the decomposed-matter 
area of the nitride semiconductor is executed. As shown 
in Fig. 10, a short-wavelength laser beam having wave- 
lengths of 248 nm or 266 nm (e.g. KrF excimer laser, or 
a frequency quadrupled YAG laser) is irradiated from 
the back of the sapphire substrate 101 to decompose a 



sapphire-GaN interface. When a decomposed-matter 
area is formed, it is preferable to uniform the light inten- 
sity of the laser-beam applied to the interface by setting 
a homogenizer in the optical path of the laser beam to 
be emitted. Moreover, emitted light is focused onto the 
sapphire-GaN interface and irradiate the irradiation area 
151 shown by slant lines in Fig. 11. The irradiation area 
151 is repeatedly formed at a fabrication pitch such as 
the device length of a nitride semiconductor laser. It is 
preferable to set the energy density of irradiation light to 
hundreds mJ/cm 2 per pulse. If the energy density is 
much larger than hundreds mJ/cm 2 , an device structure 
is broken. If the density is smaller than hundreds 
mJ/cm 2 , the interface is not completely decomposed 
and thereby, sufficient effect cannot be obtained. Thus, 
the decomposed-matter area 150 of the nitride semi- 
conductor is formed by the above-mentioned laser- 
beam irradiation. 

[0050] After the decomposed-matter forming step, 
the scribing step is executed. The laser-beam applying 
position is moved to a position nearby the periphery of 
the wafer shown by "a" in Fig. 1 2 to adjust the focal posi- 
tion of the irradiation light from the sapphire-GaN inter- 
face to the surface of sapphire substrate 101. In this 
case, the width of the laser-beam applying area shown 
by "b" in Fig. 12 is set to several microns. Moreover, the 
energy density of the irradiation laser beam is set to a 
value larger by 20 times or more than the energy den- 
sity for the decomposition of the sapphire-GaN inter- 
face. By performing laser-beam irradiation in 
accordance with the setting, it is possible to evaporate 
the sapphire in a narrow irradiation area by heat 
because sapphire slightly absorb the wavelength and to 
form a fine groove G on the surface of the sapphire sub- 
strate 101. The laser beam (or a substrate support 
stand) is moved in the direction shown by V in Fig. 12 
to form the groove G at a predetermined depth and 
length. The marking operation by the laser (so-called 
scribing) is repeatedly performed in accordance with the 
pitch of the device length of the nitride semiconductor 
laser. 

[0051 ] Thereafter, the sapphire substrate is cleaved 
in the direction shown by the alternate long and short 
dash line in Fig. 12 by using the groove G as a starting 
pant. As a result, laser bars are obtained each having 
comparatively large cleavage planes for cavity mirror at 
the end of the crystal layers. 

[0052] In the case of the present invention, groove 
formation by laser-beam irradiation is performed only at 
the margin of the laser wafer. Therefore, it is preferable 
to reduce the thickness of a substrate down to approxi- 
mately 100 urn in order to improve the quality of cleav- 
age. 

[0053] Moreover, it is preferable that a decomposi- 
tion area by irradiation be as small as possible, because 
the present invention decomposes the interface 
between sapphire and GaN by heat. This implies that a 
high accuracy is required for a scribing position for 
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cleavage. In general, when scribing is performed with a 
conventional diamond point, positional alignment is 
separately performed for the laser-beam irradiation in 
the decomposed-matter forming step and the following 
scribing step. Therefore, a high-accuracy and complex 
alignment is necessary between the both steps. The 
scribing method of the present invention does not 
require any realignment of a wafer because irradiation 
and scribing are performed by the same apparatus. 
[0054J Furthermore, when a high-hardness mate- 
rial such as sapphire is scribed by an ordinary scribing 
apparatus using a diamond point, the point is seriously 
abraded. However, the present invention has advantage 
in that the groove bottom having a micron-order curva- 
ture governs cleavability. Moreover, the stability of the 
groove bottom can be easily maintained. 
[0055] A dielectric multilayer reflection coating is 
formed on the fracture plane (cleavage plane) of a fabri- 
cated laser bar by a sputtering system. By further sepa- 
rating the laser bar into discrete chips by means of 
secondary cleavage, the device shown in Fig. 4 is 
obtained. Hereafter, similarly to the case of a conven- 
tional laser device, the device is die-bonded to a sub- 
mount, set to a stem, and wire-bonded and moreover, 
through subsequent steps, and finally a laser device is 
completed. 

[0056] As described above, when forming a laser 
structure on the A-face of a sapphire substrate and part- 
ing sapphire on its R-plane without irradiating a laser 
beam, fine striations shown in Fig. 3 are formed on the 
surface of GaN. This is because the wafer cracks along 
the R-plane of the sapphire since a major part of the 
wafer is made of sapphire. As described above, the R- 
plane of sapphire tilts by an angle of 2.4° from (1-100) 
plane of GaN and even after a crack reaches the sap- 
phire-GaN interface, the crack propagates along the R- 
plane of ground sapphire up to a certain extent. How- 
ever, because GaN tends to crack on its crystallo- 
graphy cleavage plane (1-100), a plurality of (1-100) 
planes form in a stepwise fracture manner. 
[0057] In the case of the present invention, the step 
of performing irradiation by a short-wave high-output 
laser is added. While sapphire serving as a substrate is 
almost transparent at 248 nm which is the wavelength of 
a laser beam used for the irradiation, GaN absorbs the 
irradiation beam with a small penetration depth because 
it has a absorption edge of 365 nm. Moreover, because 
of a large lattice mismatch (15%) present between sap- 
phire substrate and GaN, extremely dense defects are 
present in the GaN nearby the interface and thereby, 
absorbed light is almost converted to heat. Trie temper- 
ature of an area of GaN nearby the sapphire substrate 
suddenly rises and thus, GaN is decomposed into gal- 
lium and nitrogen. Therefore, as for this area, direct 
bond between sapphire crystal and GaN are discon- 
nected. 

[0058] Described below in detail in the case in 
which a sapphire substrate is cleaved along the R-plane 



according to the invention. 

[0059] As shown in Fig. 1 3, when a crack propagat- 
ing along the R-plane reaches the decomposed-matter 
area 150 formed by laser-bean irradiation (arrow "a"), 

s GaN can crack along (1-100) plane which is the natural 
cleavage plane of GaN because ground sapphire and 
GaN are not directly bonded within the area 1 50. There- 
fore, the portion of the crack within the GaN layer prop- 
agates along (1-100) plane of GaN (arrow "b"). 

10 Moreover, the portion of the crack in the sapphire sub- 
strate directly propagates along the R-plans (arrow "c"). 
When the crack reaches the boundary of the decom- 
posed-matter area 150, GaN starts to fracture in a step- 
wise manner again because GaN is tightly integrated 

15 with sapphire thereafter. Thus, the partable plane of 
sapphire and the cleavage plane of GaN branch off from 
each other. By setting the length of the branched portion 
of cleavage plane, that is, the laser-irradiation length to 
a value equal to or larger than a ridge stripe width, a 

20 very smooth mirror facet is obtained. 

[0060] As described above, the R-plane of a sap- 
phire substrate tilts from an end face of the laser device 
by an angle of 2.4°. However, no problem occurs 
because both the ridges and electrodes are formed with 

25 an angle of 2.4° and a waveguide is vertical to (1-100) 
plane which is the cleavage plane of GaN. 
[0061] In the case of the aforementioned embodi- 
ment, the device is formed on an A-face sapphire sub- 
strate. It is possible to form a device with a ridge-type 

30 laser structure on a C-face sapphire substrate, as is 
described in the second embodiment. 
[0062] Fig. 14 shows a perspective view of the 
vicinity of the fracture plane of a laser device using C- 
face substrate 101c fabricated in the same steps as 

35 those of the first embodiment. When cracking the sap- 
phire substrate 101c on (1-100) plane. GaN on the sub- 
strate 101c is cracked on (11-20) plane that is not the 
natural cleavage plane (1-100). However, because of 
symmetry of GaN crystal, when a crack accurately 

40 advances in the direction along (11-20) plane, a very 
preferable fracture plane is obtained. However, unless a 
scribing line strictly extends along (1-100) plane, the 
fracture plane of sapphire becomes stepwise and the 
fracture plane of GaN on the sapphire also becomes 

45 stepwise. 

[0063] As shown in Fig. 14, when a crack propagat- 
ing almost along (1-100) plane reaches the decom- 
posed-matter area of a nitride semiconductor (arrow 
"a"). GaN can crack along its (11-20) plane because 

so ground sapphire and GaN are not directly bonded each 
other within the area 150 and the portion of the crack 
propagates along (11-20) plane of GaN (arrow V). 
Moreover, after passing through the decomposed-mat- 
ter area 150, the GaN fracture plane becomes stepwise 

55 because GaN is bonded to sapphire (arrow V). Thus, 
because the decomposed-matter area 1 50 is formed by 
setting a laser-beam irradiation length to a value equal 
to or greater than a ridge stripe width, a very smooth 
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facet plane is formed at the end of a laser structure. 
[0064] According to the present invention, an atom- 
ically flat plane is obtained because a reflector plane, 
which is one of the most important portions of a laser 
device, is constituted of the crystailographic cleavage 5 
plane of a nitride semiconductor itself. 
[0065] Moreover, because it is possible to crack a 
sapphire substrate without greatly reducing its thick- 
ness, a trouble such as wafer fracture during the lapping 
process does not occur. Furthermore, because the 10 
thickness of the device is kept large, the device can be 
handled with relative ease, and superior for mass pro- 
duction. 

Claims is 

1 . A nitride semiconductor laser device having crystal 
layers layered each made of a group III nitride sem- 
iconductor {AlxGa^x^.Y^yN (0^1, 0^y^1) com- 
prising: 20 

a cleavable or parting substrate; 
a crystal layer made of the group III nitride 
semiconductor over the substrate; 
a mirror facet for optical resonance consisting 25 
of a cleavage plane of the group III nitride sem- 
iconductor; and 

a decomposed-matter area of the nitride semi- 
conductor interposed at an interface between 
the substrate and the crystal layer and dis- 30 
posed at an intersecting portion with the cleav- 
age plane. 

2. A nitride semiconductor laser device according to 
claim 1, wherein the decomposed-matter area of 35 
the nitride semiconductor is formed by a light beam 
applied to the interface from the substrate side. 



ylriyN (0*x*n, 0^y«1) on a cleavable or part- 
ing substrate; 

applying a light beam from the substrate side 
toward the interface between the substrate and 
the crystal layer thereby forming the decom- 
posed-matter area of a nitride semiconductor: 
and 

cleaving the substrate along a straight line 
intersecting with the decomposed -matter area, 
thereby forming a cleavage plane of the crystal 
layer. 

7. A method for fabricating a nitride semiconductor 
laser device according to daim 6, wherein a wave- 
length of the light beam is selected from wave- 
lengths passing through the substrate and 
absorbed by the crystal layer in a vicinity of the 
interface. 

8. A method for fabricating a nitride semiconductor 
laser device according to claim 6 further comprising 
a step of forming a waveguide extending along the 
direction normal to the cleavage plane of the nitride 
semiconductor. 

9. A method for fabricating a nitride semiconductor 
laser device according to claim 6, wherein the crys- 
tal layers of the nitride semiconductor are formed by 
metal-organic chemical vapor deposition. 

10. A method for fabricating a nitride semiconductor 
laser device according to claim 6 further comprising 
a step of applying a light beam focused on an outer 
surface of the substrate to form a groove serving as 
a starting point of the aforementioned straight line 
in the step of forming the mirror facet for optical res- 
onance. 



3. A nitride semiconductor laser device according to 
claim 1 further comprising a waveguide extending 40 
along a direction normal to the cleavage plane of 
the nitride semiconductor. 



4. A nitride semiconductor laser device according to 
claim 3, wherein the waveguide has a ridge shape. 45 

5. A nitride semiconductor laser device according to 
claim 1 , wherein the substrate is made of sapphire. 

6. A method for fabricating a nitride semiconductor so 
laser device having crystal layers each made of a 
group III nitride semiconductor (AlxGavxh-Y^yN 
(0^x^1 , 0^y^1) and layered on a cleavable or part- 
ing substrate in order, the method comprising the 
steps of: 55 



forming a plurality of crystal layers each made 
of a group III nitride semiconductor (AlxGa^Jv 



8 



12/20/2007, EAST Version: 2.1.0.14 



EP1 014 520 A1 



FIG. 1 




9 

12/20/2007 , EAST Version: 2.1.0.14 



EP 1 014 520 A1 



FIG. 3 

GaN(1100)PLANE 




SAPPHIRE 



FIG. 4 



107 

LIGHT-EMITTING 
PORTION 

GaN(1100)PLANE 
150" 




10 



12/20/2007, EAST Version: 2.1.0.14 



EP 1 014 520 A1 



FIG. 5 



108 
107 



115 



-110 
-109 
-106 
-105 
-104 

-103 
-102 

-101 



FIG. 6 




12/20/2007, EAST Version: 2.1.0.14 



EP1 014 520 A1 



FIG. 7 




FIG. 8 



SAPPHIRE (1102): 
R-PLANE 




12 



12/20/2007, EAST Version: 2.1.0.14 



EP1 014 520 A1 



FIG. 9 




FIG. 10 



107 

LIGHT-EMITTING 
PORTION 




LASER BEAM 
IRRADIATION 



13 



12/20/2007, EAST Version: 2.1.0.14 



EP 1 014 520 A1 



FIG. 11 



LASER BEAM IRRADIATED : 151 




FIG. 12 



DECOMPOSED-MATTER 
L P J /AREA OF NITRAIDE 
r n / SEMICONDUCTOR : 150 




a : POSITION OF 
LASER BEAM 
IRRADIATION 



14 



12/20/2007, EAST Version: 2.1.0.14 



EP1 014 520 A1 



FIG. 13 




FIG. 14 



..-118 




IS 

12/20/2007, EAST Version: 2.1.0.14 



EP1 014 520 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 12 5513 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
d relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



EP 0 688 070 A (AKASAKI ISAMU ;AMAN0 
HIROSHI (JP); T0Y0DA 60SEI KK (JP); JAPAN 
RES) 20 December 1995 (1995-12-20) 

* page 6, line 29 - line 39; figure 10 * 

W0 98 34304 A (KANEK0 YAUARA ; HEWLETT 

PACKARD CO (US)) 

6 August 1998 (1998-08-06) 

* page 5, line 14 - page 6, line 15; 
figures 5-8 * 

KIMURA Y ET AL: "Room-temperature pulsed 
operation of GaN-based laser diodes on 
a-face sapphire substrate grown by 
low-pressure metal organic chemical vapor 
deposition" 

JAPANESE JOURNAL OF APPLIED PHYSICS, PART 
2 (LETTERS), 15 OCT. 1998, PUBLICATION 
OFFICE, JAPANESE JOURNAL APPL. PHYS, 
JAPAN, 

vol. 37, no. 10B, pages L1231-L1233, 
XP002135807 
ISSN: 0021-4922 

* page L1232, column 3, line 12 - line 22; 
figure 2 * 

ABARE AC ET AL: "CLEAVED AND ETCHED 
FACET NITRIDE LASER DIODES" 
IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM 
ELECTRONICS, US, IEEE SERVICE CENTER, 
vol. 4, no. 3, 1 May 1998 (1998-05-01), 
pages 505-509, XP000782260 
ISSN: 1077-260X 

* paragraph '0011! * 



1,6 



1,6 



H01S5/323 



1,6 



TECHNICAL FIELDS 
SEARCHED (InlCLT) 



H01S 



1,6 



The present search report has been drawn up for all claims 



Place d Match 

THE HAGUE 



Dale <* cornpietjon at the search 

14 April 2000 



Herve, D 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written decfosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but pubfished on, or 

after Ihe fling date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent tamiy. corresponding 
document 



16 



12/20/2007, EAST Version: 2.1.0.14 



EP 1 014 520 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 12 5513 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

14-04-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



EP 0688070 



20-12-1995 



OP 
JP 
0E 
DE 

US 



7297495 
7297496 
69503193 
69503193 
5604763 



10-11-1995 
10-11-1995 
06-08-1998 
15-04-1999 
18-02-1997 



WO 9834304 



06-08-1998 



JP 
EP 



10215031 A 
0956623 A 



11-08-1998 
17-11-1999 



o 

w For more delate about this annex : see Official Journal of the European Patent Office, No. 12/82 



17 



12/20/2007, EAST Version: 2.1.0.14 



